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Spectroscopic studies of semiconductor quantum dots (SQDs) addressing the problem of non-
radiative carrier losses is vital for the improvement in the efficiency of various light-emitting de-
vices. Various designs of SQDs emitter like doping, forming core-shell and alloying has been at-
tempted to suppress non-radiative recombination. In this article, we show that forming a hybrid
with metal nanoparticles (MNP) having localized surface plasmon resonance overlapped with the
emission spectrum of SQD, the non-radiative carrier loss via Auger recombination can be mitigated.
Using steady-state and time-resolved photoluminescence, it has been shown that when such hybrid
is selectively excited well above the bandgap without exciting plasmon, the contribution to fast
decay time reduces along with an increase in contributions to longer decay times. A completely
reverse kinetics is observed when exciton and plasmon are simultaneously excited. Such control of
photoluminescence kinetics by placing MNP near SQD opens up a new method for designing hybrid
materials that are well suited for light-emitting devices.
PACS numbers:
I. INTRODUCTION
Over the past few decades, semiconductor quantum
dots (SQDs) have become a valuable component in var-
ious optoelectronics devices. Their size dependent prop-
erties like absorption or photoluminescence (PL) spec-
trum allows excellent control over their properties for
light emission and light-harvesting applications1–3. Sev-
eral methods are being attempted to enhance and control
the PL emission kinetics of SQDs for the development of
efficient optoelectronic devices4,5. Recently, decorating
the SQD with metal nanoparticle (MNP) or vise-versa
to form hybrid nanostructures has gained considerable
attention due to the flexibility it offers in controlling pa-
rameters like size, shape and spatial distribution6–8. In-
dependently, MNP shows an unusual resonance known
as the localized surface plasmon resonance (LSPR), lies
mostly in the visible regime. When excited at the LSPR,
the free electrons inside the MNP oscillates in-phase with
the applied field creating a high local field around it9.
When a SQD is placed near to such MNP, the plasmon
oscillations strongly modifies the response of SQD to the
applied field9–11. The field enhancement due to LSPR
can lead to an enhancement in the absorption, emis-
sion cross-section and Raman scattering from the nearby
SQD12–15. It is also possible that an electron-hole recom-
bination can occur in an excited SQD, non-radiatively by
exciting a plasmon in the MNP causing an reduction in
PL emission16–18. On the other hand, a plasmon excited
in the MNP can decay by exciting a electron-hole pair in
SQD and thereby contribute to an increase in PL19. Such
energy exchange will strongly depend on several factors
like shape, size, properties of the individual elements and
its distribution20–24. Consequently, a suitably designed
MNP-SQD hybrid nanostructures(HNSs) can display ex-
traordinary optical properties with multiple functional-
ities that are derived from the synergistic interactions
between MNPs and SQDs.
Controlled growth of individual nano-components and
self-organized growth of HNS of specific structure has
provided an opportunity to study the effect of structure
on PL kinetics16,18. Most of these studies in HNSs have
been focused on exploring distance or size-dependent
plasmon-exciton coupling between MNP and SQD6–8.
There are very few reports on the effect of excitation
energy on the relaxation process in SQDs in the presence
of MNP. The observed modification in PL kinetics in the
presence of MNP has been attributed to different cou-
pling mechanisms like charge transfer, energy transfer,
increased multiphoton absorption due to LSPR and so
forth24–27. However impact of excitation energy on the
relaxation process in SQD in the presence of MNP still
remains unclear.
In this article, we report a study on the effect of excita-
tion energy on the PL kinetics of HNSs designed specifi-
cally with and without overlap between PL emission and
LSPR absorption. Both PL spectra and time-resolved
PL were studied by exciting at different photon ener-
gies to understand the changes in PL kinetics. It was
observed that a selective excitation of exciton-plasmon
could drastically alter the PL kinetics. Such tuning of PL
kinetic in HNS find its potential application in designing
light-harvesting devices that require enhanced radiative
recombination rate and prolonged lifetime as well as op-
toelectronic devices, which require shorter lifetime28.
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2FIG. 1: (a) Extinction spectrum of the colloidal solutions of
Ag PT, CdTe QD and HAgPT . (b) AFM topography image
of the HAgPT hybrid colloid.
II. RESULTS AND DISCUSSION
Individual colloidal samples of CdTe quantum dots
(QDs) and silver nanoplatelets (PT) dispersed in wa-
ter were prepared by wet chemical techniques29,30. The
procedure followed for the preparation of these individ-
ual colloids have already been reported in our earlier
articles18,31. A short description of these preparation
procedures are also given in the supporting information
(SI). In the final colloidal solutions, the CdTe QDs are
capped by thiolglycolic acid (TGA), while the Ag PT
are capped by trisodium citrate and polyvinylpyrroli-
done (PVP). The volume fraction of CdTe QD and Ag
PT in their corresponding colloidal solution is of the
order of 10−6 and 10−7 respectively. At these volume
fractions, the individual particles are well separated and
the particle-particle interactions is negligible. Figure1(a)
shows the extinction coefficient of the colloidal solutions
of Ag PT and CdTe QD. In case of CdTe QD, the low-
est energy excitonic peak, the 1s-1s transition, lies at
2.21 eV32,33. The size of the CdTe QDs estimated us-
ing Peng’s formula from its excitonic peak position is 3.4
nm32. The topography measurement of CdTe QDs on
a mica substrate shows well separated individual parti-
cles and confirms this estimated size (Fig.S1(a)). TEM
measurement of Ag PT shows particles of an average
diameter and thickness 34 nm and 5.2 nm respectively
(Fig.S1(b)). The extinction spectra of the Ag PT colloid
shows an in-plane dipole LSPR peak around 2.05 eV and
an out-of-plane quadruple peak at 3.69 eV (Fig.1(a))34.
The colloidal solution of the hybrid nanostructure is
prepared by mixing 5 ml of the as-prepared CdTe QD
colloid and 1 ml of Ag PT colloid. Based on our previ-
ous study, it is expected that at this concentration in the
HAgPT hybrid colloid, each of the Ag PT is completely
surrounded by CdTe QDs such that no further CdTe QD
attachment is possible18. Figure1(b) shows AFM topog-
raphy image of a drop of HAgPT dried on a mica sub-
strate. Unlike the image of bare CdTe sample, several
aggregated particles can be seen in the topographical im-
age of HAgPT . In each of these aggregates, a large par-
ticle of dimension comparable to that of Ag PT is found
to be surrounded by several small particles of dimension
close to that of CdTe QDs. The capping agent of CdTe
QD, the TGA, has a higher affinity towards metal surface
compared to that of citrate35,36. Since the TGA molecule
is already attached to a CdTe QD, it holds both MNP and
SQD together when it gets attached to the metal surface.
It is known that the properties of hybrid strongly depends
on the separation between the MNP and SQD37–39. In
the literature, it isreported that the length of the TGA is
about 0.5 nm; thus, the separation between the CdTe QD
and Ag PT is expected to be nearly 0.5 nm35,36. Since
the surface area of Ag PT is much larger than that of
CdTe QD, several CdTe QDs could get attached to a sin-
gle Ag PT. The aggregated structures seen in the AFM
images are due to the single Ag PT surrounded by several
small CdTe QDs. The extinction spectra of colloidal so-
lution of hybrid sample HAgPT is also shown in Fig.1(a)
and is clearly different from that of both the individual
CdTe QD and Ag PT colloids. An estimated extinction
spectrum of a sample which contains a non-interacting
mixture of Ag PTs and CdTe QDs does not match the
experimentally measured spectrum of HAgPT . This dis-
similarity indicates that there is an interaction between
the Ag PT and CdTe QD which results in modifying
their individual properties. The extinction spectra of the
HAgPT colloid looks more like that of CdTe QD but with
two modified features, (i) the bleaching of the exciton
peak at around 2.21 eV and (ii) band tailing at the lower
energy side below 2 eV. Bleaching of exciton peak in the
presence of MNP has been attributed to exciton dissoci-
ation in the presence of high electric fields40,41. On the
other hand the band tailing below 2 eV is also observed
in several other metal-semiconductor HNS and has been
attributed to the formation of additional surface defect
states42. The increase in band tailing in the HAgPT sam-
ple suggests an increase in surface defect states during
the process of hybrid formation by self-organization1.
The time-resolved PL measurements were carried out
by exciting the sample using the output of an optical
parametric amplifier (OPA). The OPA was pumped by
a 1 kHz Ti:Sapphire amplifier system with a pulse dura-
tion of 35 fs at 800 nm wavelength. The output of the
3FIG. 2: Photoluminescence spectra of CdTe QD and HAgPT
colloids when excited at (a) 3.06 eV and (b) 2.25 eV.
OPA, either tuned to 405 nm (3.06 eV) or 550 nm (2.25
eV), was used for the selective excitation of the samples.
The pulse width of the OPA output was nearly ∼ 80 fs.
The intensity of the laser beam at the sample position
was kept nearly 150 MW/cm−2. All the measurements
were carried out at room temperature. Before looking
at the PL kinetics, let us first examine the effect of the
presence of Ag PT near CdTe QD on its PL spectrum.
Figure2 (a) and (b) shows the measured PL spectra of
the bare CdTe QD and HAgPT colloids when excited at
3.06 eV (405 nm) and 2.25 eV (550 nm) respectively. The
PL spectrum is nearly Gaussian with a longer tail on the
lower energy side. When compared to the PL emission
from CdTe QD, the hybrid sample HAgPT shows three
well distinct changes: (i) the strength of the PL at its
peak emission got quenched at both these excitation en-
ergies, (ii) there is an enhancement in the PL emission at
the lower energy side and (iii) the total integrated area
under the PL spectrum remains nearly same compared
to that of corresponding CdTe QD colloid i.e.102% and
96% for 3.06 eV and 2.25 eV excitation respectively.
It is well known that the presence of MNP can lead
to quenching or enhancement in the PL emission from
a SQD placed nearby. Several factors like nature of the
individual materials, shape of the final nanoaggregate,
distance between the metal and semiconductor, the na-
ture of junction between them and linking medium are
known to play a role in enhancing or quenching the PL
emission6–8. Presence of MNP is also known to intro-
duce additional defects states in CdTe QD due to ligand
exchange while forming the hybrid nanostructures35,36.
In the present case, the quenching of PL strength at the
peak along with an enhancement in the PL at the lower
energy side clearly indicates that part of the charge carri-
ers from the band edge are relaxing to the newly formed
defect states from which they further decay radiatively.
The fact that the integrated area under the PL spec-
trum of HAgPT remains same as that of bare CdTe QD
colloids indicates that nearly all carriers relaxed to the
defect states are able to relax radiatively.
FIG. 3: Time-resolved PL decay kinetics of CdTe QD, HAgPT
and HAgSP colloids when excited at 3.06 eV. Inset shows the
time-resolved PL decay kinetics zoomed in time.
FIG. 4: Time-resolved PL decay kinetics of CdTe QD, HAgPT
and HAgSP colloids when excited at 2.25 eV. Inset shows the
time-resolved PL decay kinetics zoomed in time.
The time-resolved PL measurement was carried out
using a fast photodetector-oscilloscope system at room
temperature. The photodetector had a rise time of 300
ps. The output of the detector was measured by an os-
cilloscope having a bandwidth of 1 GHz and a sampling
rate of 20 GS/s. The decay time estimated for the later
part of the instrument response function (IRF) is 350 ps.
Figure3 and 4 shows that the temporal evolution of the
PL of CdTe QD colloid when excited at 3.06 eV and 2.25
eV respectively. The measured IRF are also shown in the
inset figures. With the arrival of the excitation pulse, the
PL emission starts and over the next few tens of ns the
PL decays at different rates. Depending on the number
of processes that control PL emission, the II-VI semicon-
ductor QD colloid shows a bi- or tri-exponential decay of
the PL43–46. We find that the temporal evolution of PL
4measured for CdTe QD colloid when excited at both the
photon energies fits well to a tri-exponential decay func-
tion convoluted (⊗) with the experimental IRF (IIRF ),
given by
F (t) =
IIRF ⊗ ∑
i=1,2,3
Aie
−t
τi
 (1)
where Ai is the i
th signal amplitude corresponding to the
time constant (decay time) τi. The best fit parameters
obtained by fitting Eq.1 to the experimental CdTe QD
PL is summarized in Table-I.
At 3.06 eV excitation, a strong portion of the PL, 77%,
decays with a time constant of 0.23 ns, 14% decays with
a time constant of 7 ns, and about 9% of the PL de-
cays with a much longer lifetime of ∼ 65 ns. The best-fit
parameters (decay times and amplitudes) for the bare
CdTe QDs at excitation energy, 2.25 eV, also remain al-
most similar to that of 3.06 eV excitation. This similar-
ity indicates that the PL relaxation processes does not
depend on the excitation photon energy for CdTe QD.
A similar observation was also reported by Dey et al.
and can be explained by the anti-bunching nature of the
photons emitted from single QD47. Figure3 also shows
the time dependence of the PL measured for the hybrid
sample, HAgPT , when excited at 3.06 eV. The PL mea-
sured for this case also fits well to the tri-exponential
decay function given by Eq.1. The best-fit parameters
estimated for this case are also summarized in Table-I.
In case of HAgPT , the three different time constant, τ1, τ2
and τ3 turns out to be 0.70 ns, 8.7 ns and 200 ns respec-
tively. The shortest and longest decay times of HAgPT
increased by approximately three times compared to that
of the bare CdTe QD, while the τ2 showed only a slight
increase. The amplitude of each decay components, Ai’s,
has also changed dramatically compared to that of bare
CdTe QD colloid. The amplitude of the fast lifetime com-
ponent (A1) has substantially decreased while the other
two amplitudes, A2 and A3, have increased. Now let us
compare the behavior of HAgPT when excited at 2.25 eV
with that of bare CdTe QDs. Figure4 shows the tempo-
ral evolution of the PL of HAgPT colloid when excited
at 2.25 eV (see Table-I for best fit parameters). When
compared to CdTe QD colloid, the τ1 of HAgPT becomes
even shorter, 0.15 ns, with a strong increase in the cor-
responding amplitude A1. This is completely opposite
to that when excited at 3.06 eV, where it has become
slower alongwith a reduction in amplitude compared to
that of CdTe QD. The τ2 once again shows only a slight
change when compared to that of CdTe QD and the τ3
has increased by a factor of two.
Several groups have studied the origin of PL and the
decay process in bare CdTe QDs44–46. When the QD is
illuminated by a light pulse having photon energy above
the bandgap, carriers are excited in the QD such that
electrons and holes are excited to the conduction and va-
lence bands respectively. In the present case, the 1s-1s
exciton transition energy is about 2.21 eV (Fig.1). When
FIG. 5: Schematic illustration of PL kinetic processes in (a)
CdTe QD colloid and (b) & (c) HAgPT colloid excited at 3.06
eV and 2.25 eV respectively. The dotted circle represents the
Auger process, wavy and solid arrows represent non-radiative
and radiative decay path respectively. DS represents defect
states in the bare CdTe QD colloid and DS
′
represents the
defect states in HAgPT .
illuminated by a 3.06 eV photon, electrons and holes are
excited deep into the conduction band and valence band
respectively. In the next few hundreds of femtoseconds,
these electrons and holes relax non-radiatively to the cor-
responding band edge to finally form excitons. These
excitons relaxes by the emission of photons. Such radia-
tive recombination takes place over a period of several
nanoseconds in similar QDs1–3. During this radiative re-
combination, a part of the carriers may relax to defect
states present in the sample. Such transfer of carriers
from the band edge to the defect state will reduces the ex-
citonic emission. If the carrier transfer rate to the defect
state is smaller than the radiative recombination lifetime,
the PL kinetics will also show the signature of this relax-
ation. A fast decay time in the order of 0.1 ns to 1.5 ns
has been observed in CdTe QD and has been attributed
to the non-radiative Auger recombination46,48. In the
Auger mechanism, when there is more than one carrier
excited in the QD, one of the carriers can recombine non-
radiatively by transferring its energy to excite the other
carrier deeper into the band or to a defect state48,49. We
attribute the shortest relaxation time observed, τ1, in the
case of CdTe QD colloid to the Auger recombination. On
the other hand, in the present case of CdTe QD, we at-
tribute the process responsible for the decay times, τ2
and τ3, to the radiative electron-hole recombination and
trap-state emission respectively43,46,51. Figure5(a) shows
the schematic representation of different processes of PL
kinetics in CdTe QD.
As mentioned earlier, when a MNP is brought close
to the SQD, several charge and energy transfer processes
take place between these two materials. In such hybrid, it
is known that when carriers are excited in SQD it can get
transported to the neighboring MNP17,31. Any such car-
rier transport would result in quenching of the radiative
emission and will show up as an increase in the ampli-
5TABLE I: Best fit parameters obtained by fitting Eq.1 to the experimental time-resolved PL of colloidal solutions of CdTe
QDs, HAgPT and HAgSP .
Sample
Excitation
Energy (eV)
A1
%
τ1
(ns)
A2
%
τ2
(ns)
A3
%
τ3
(ns)
CdTe QD
3.06 77 0.23±0.02 14 7± 0.2 9 65±0.2
2.25 72 0.23±0.01 17 7±0.1 11 65±0.3
HAgPT
3.06 34 0.7±0.02 38 8.7±0.2 28 200±0.8
2.25 91 0.15±0.001 7 6.5±0.4 4 120±1.3
HAgSP
3.06 87 0.21±0.002 7 6.5±0.2 6 200±0.6
2.25 87 0.19±0.003 7 6±0.2 6 150±0.5
tude of the fast decay component, A1, along with the re-
duction in A2 and A3. Although this matches well to the
observed kinetics (Table-I) when excited at 2.25 eV, how-
ever at 3.06 eV excitation, we find a completely opposite
situation where A1 reduces with an increase in A2 and
A3. Hence a simple charge transport model cannot con-
sistently explain both the observed changes. In addition,
several groups have also reported energy transfer between
the metal and semiconductor components of the hybrid
like foster resonance energy transfer (FRET) and plas-
mon induced resonance energy transfer (PIRET)20–24.
In these process, energy get transferred non-radiatively
from an emitter to an absorber by dipole-dipole coupling
which occur when the emitter and absorber spectrally
overlap20–24. Similar to the charge transport case, these
processes would also result in increasing A1 with the re-
duction of A2 and A3. Once again these processes also
could not explain the observed kinetics at 3.06 eV ex-
citation. Further, as mentioned earlier, the presence of
MNP would also create additional defect states at the
surface of SQD12–15. The excited charge carriers in SQD
can get transported to these defect states and can relax
further down radiatively. Such relaxation would result
in reduction of A2, the amplitude of radiative recombi-
nation, coupled with a PL emission having long lifetime.
Such changes are also not observed in the present case.
Thus all these reported process cannot consistently ex-
plain our observations.
In the present case, the aspect ratio of Ag PT is chosen,
such that its in-plane dipole LSPR peak overlaps with
that of CdTe QD emission wavelength (Fig.6). When
HAgPT is excited at 3.06 eV, the LSPR does not get
excited in Ag PT, however, the photon energy is suffi-
cient to excite carriers in the CdTe QD. Ultrafast pump-
probe measurements on such Ag nanoparticle-CdTe QD
hybrid systems showed that electrons excited deep into
the conduction band can get transported to Ag nanopar-
ticles in subpicosecond and picosecond time scales creat-
ing a charge imbalance between them17,31. These carriers
which are now in Ag nanoparticle returns to CdTe QD
through defect states in few picoseconds time scale. In
addition, the electrons in the CdTe QD can also relax to
the newly formed defect states from which they can decay
further down. In both of these cases, the presence of Ag
PT will quickly reduce the number of carriers in the CdTe
QD. Such a reduction in the number of charge carriers
FIG. 6: Photoluminescence of CdTe QD colloid (green line)
and absorption spectra of Ag platelet (red line) and Ag NS
(black line) colloids.
in CdTe QD strongly reduce the efficiency of the Auger
recombination reducing the amplitude of the fast life-
time component, A1. The reduction in the efficiency of
Auger recombination can increase the PL emission from
the band to band recombination28. Spectral overlap be-
tween PL emission wavelength and LSPR peak (Fig.6)
can also enhance the PL emission strength of CdTe QD
in presence of MNP in a way like antenna effect52,53. We
attribute the increase in A2 to the antenna effect en-
hancement and band to band recombination due to the
reduction in Auger recombination. The carriers which
are transported to the defect states will also relax radia-
tively increasing the emission from defect states17,43. The
increase in A3, the amplitude of the long time constant
(τ3) can be attributed to the radiative relaxation through
the defect states. Together with both of these processes,
the observed change in the PL kinetics of HAgPT with re-
spect to CdTe QD colloid could be explained. Figure5(b)
shows the schematic representation of different processes
of PL kinetics in HAgPT when excited at 3.06 eV.
When the HAgPT hybrid sample is excited at 2.25 eV,
charge carriers are still excited in CdTe QDs and simul-
taneously LSPR of Ag PT is also excited (Fig.6). Such
6simultaneous excitation can lead to mainly three differ-
ent processes which are as follows. First the excitation of
LSPR can result in enhancement of local field increasing
the excited carrier density in CdTe QD27,54. Secondly the
plasmon can relax by exciting carriers in CdTe QD lead-
ing to a PIRET55,56. Third, the hot electrons that are
formed after plasmon relaxation can also get transferred
to CdTe QD in subpicosecond time scale31. All these
three processes will result in strong increase in the excited
carrier density in CdTe QD. Such increase in the density
of carriers will actively facilitate an increase in Auger re-
combination, increasing the A1 and further reducing τ1.
In addition to this, increase in the Auger recombination
will also reduce the strength of radiative recombination
(A2) as well as reduces the rate of transport of carri-
ers to the defect states, reducing A3. This explains all
the changes observed in the experiment (Table-I). Fig-
ure5(c) shows the schematic representation of different
processes of PL kinetics in HAgPT when excited at 2.25
eV. Thus, the excitation photon energy with respect to
the overlapped emission spectrum and LSPR absorption
could alter the PL kinetics drastically in Ag-CdTe HNS.
In a hybrid system where these two would not overlap
such changes in the PL kinetics cannot be observed and
would lead to overall quenching of PL.
To verify the proposed model, we performed similar
measurement on Ag nanosphere (SP)-CdTe QD hybrid
system, (HAgSP ), where PL emission & LSPR do not
overlap. The details of the preparation and structural &
optical characterization of Ag SP and HAgSP are given
in the SI(Fig.S2 and Fig.S3). The CdTe QD used in
the preparation of HAgSP colloid is same as that used in
HAgPT colloid. In Figure6, we also show the absorption
spectrum of the SP (Ag SP) colloid used for the prepara-
tion of HAgSP . In this hybrid, the emission spectrum of
CdTe QD which has peak at 2 eV, does not overlap with
the LSPR of Ag SP which is at 3.02 eV. In Figure3 and
4 we also show the time dependence of the HAgSP when
excited at 3.06 eV and 2.25 eV respectively. The best-fit
parameters obtained by fitting the time-dependent PL
is also summarized in Table-I. Unlike the HAgPT case,
this time, there is not much difference in the PL dynam-
ics when the excitation energy is changed from 3.06 eV
to 2.25 eV. Excitation at 3.06 eV excites carriers in the
CdTe QD and simulatensouly LSPR also gets excited.
As discussed earlier, such excitation would create an in-
crease in the carrier density in CdTe QD which results in
enhancing Auger recombination. The observed increase
in A1 with simultaneous reduction in A2 and A2, the
amplitudes corresponding to radiative and defect state
emissions, matches well with the proposed model. When
excited at 2.25 eV, LSPR is not excited still hot car-
riers can get transported to Ag SP in few hundreds of
femtosecond and few picosecond time scales17. However,
unlike the HAgPT where presence of MNP can enhance
the radiative emission, in case of HAgSP the hot carrier
transport results only in fast quenching of PL, reducing
A2 and A3. Therefore the total integrated area under the
PL spectrum quenches to 70% for both 3.06 eV and 2.25
eV excitation compared to that of corresponding CdTe
QD colloid(Fig.S3). Thus the PL kinetics of Ag-CdTe hy-
brid can be controlled by selective excitation only when
the PL emission of SQD overlaps with LSPR absorption
of MNP.
III. CONCLUSION
Methods like doping, forming core-shell structures and
alloying are being studied to suppress auger recombina-
tion and to control the PL kinetics in QDs. Our studies
on the excitation photon energy dependence of PL kinet-
ics in suitably designed Ag-CdTe hybrids shows that it
is possible to selectively excite and drastically alter the
PL kinetics. Excitation of a hybrid system well above
an overlapped emission (of SQD) and LSPR (of MNP)
could effectively suppress the Auger recombination. On
the other hand, exciting right at the overlapped spec-
tral regime enhances the Auger recombination. By suit-
ably tuning the LSPR of MNP it is possible to assemble
a metal-semiconductor hybrid which can show suitable
PL kinetics at a given excitation energy. Controlling the
Auger recombination in plasmon controlled PL kinetics
in SQD by placing a MNP near to it opens up a new
method of designing a material with efficient radiative
recombination that is well suited for light-emitting de-
vices.
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